ABSTRACT Ability to utilize dietary phytate P was evaluated in 1,387 broiler chicks of 45 sire and 180 dam families, by feeding a corn-soybean base diet supplemented with no inorganic P and a low level of Ca. These chicks were the progeny of high and low incidence of tibial dyschondroplasia (TD) selected divergently for 11 generations and a nonselected control line. Chicks from the control line utilized phytate P better than those from the high or low lines in terms of livability, mortality, and growth performance. Chicks did not differ in mortality and body weight between the high and low lines. Variation in livability and mortality was greater among lines than among families, whereas families accounted for a greater part of variation than lines in body weight. Dams accounted for a slightly larger proportion of variation than sires in traits studied. Genetic selection for improved utilization of dietary phytate P could be effective.
INTRODUCTION
Plant P exists mainly in the form of phytates (Nelson et al., 1968) . The availability of P is less than 50% in commonly used plant feedstuffs such as corn and soybean meal (National Research Council, 1994) . Diets of monogastric animals, therefore, must be supplemented with either inorganic P to meet P requirement or phytase to improve the utilization of phytate P (Kiniskinen et al., 1994; Richter, 1994) .
The utilization of phytate P is associated with the level of inorganic P in the diet. Phytate P is more available in a low level of inorganic P diet because of an adaptive increase in phytate digestibility, to some extent in response to lower levels of inorganic P (Moore and Veum, 1983) . This finding agreed with those that showed that low levels of dietary P increased the activity of intestinal phytase in chicks (Davies et al., 1970; McCuaig et al., 1972) .
The level of dietary P is related to the incidence of tibial dyschondroplasia (TD) (Edwards, 1984; Riddell and Pass, 1987) . Phytase supplements increased apparent retention of Ca (Qian et al., 1996) and Zn (Thiel et al., 1993) and tibia ash percentage (Broz et al., 1994) , reducing the incidence of leg disorders and mortality of birds fed P-deficient diets (Ravindran et al., 1995) . High levels of Ca have an adverse effect on the availability of phytate P (Pileggi et al., 1955; Nelson, 1967; Qian et al., 1996) . This result is probably because high levels of Ca inhibit the activity of intestinal phytase (McCuaig et al., 1972) .
Is there any difference in ability to utilize dietary phytate P among existing commercial broiler strains? In the long-term, if so, selection for increased ability to utilize dietary phytate P may need to be incorporated into breeding programs. Such programs could be practiced by feeding birds with neither supplemental inorganic P nor phytase diets, whereby selection is applied. Such selection programs inducing increased mortality may reduce the size of the genetic population and lower selection intensity on the performance of growth and reproduction and feed efficiency. Hence, an appropriate selection stage is important to preserve the maximum variation in the breeding pool.
Our preliminary study showed that four commercial broiler strains differed in response of growth performance to P deficiency. Selection for birds with higher ability to utilize phytate P could be of value only if the trait is determined to be heritable. The current study was conducted to determine variation among populations and families resulting from multi-generation selection for TD in live and growth performance in response to a diet supplemented with no inorganic P and a low level of Ca. This ration allows birds to fully express their ability to utilize phytate P in the diet. 
MATERIALS AND METHODS
A total of 1,387 chicks was produced from broiler lines of high (n = 428) and low (n = 465) TD incidence selected divergently for 11 generations, and an unselected control (n = 494). These flocks were the progeny of 45 sires and 180 dams, 15 sires and 60 dams from each line. The TD incidence was 95% in the high, 6% in the low, and 20% in the control line. Selection procedures and management of these lines has been described by Wong-Valle et al. (1993) .
Chicks from these lines were individually wingbanded and vaccinated against Mareks' disease at hatch. Respiratory vaccines (B1 Newcastle disease virus and Mass infectious bronchitis virus) and infectious bursal disease virus vaccine were given at 1 wk of age. All birds were reared with lines intermingled in floor pens equipped with mechanical ventilation, cooling, feeding, watering, and lighting-interval systems. Chicks were full fed a ration supplemented with no inorganic P and a low level of Ca (22.8% protein, 3,200 kcal/kg ME, 0.5% Ca, 0.39% total P, 0.13% nonphytate P) through 21 d of age. Chicks received 24 h of light during the first 4 d, after which they received 22 h of light. Mortality was recorded daily and livability was expressed as days of life by the end of this study. Live BW at 14 and 21 d of age was obtained.
A mixed model was used in the analysis of variance with the General Linear Models procedure (SAS Institute, 1988):
where Y ijkl = the individual observation for a trait; m = the overall mean for the trait; L i = the fixed effect of the i th line; S ij = the random effect of the j th sire within the i th line; D ijk = the random effect of the k th dam mated to the j th sire within the i th line; and e ijkl = the random error. The mean square of sires within lines was used as the error term to test line effects. The effect of sires within lines was tested against dams within sires and lines. The expected mean square of variables was estimated, based on the above model, by equating the mean squares to their expectations. Means of traits were separated using Duncan's multiple range test.
RESULTS AND DISCUSSION

Livability
The analysis of variance showed differences in livability among lines and sire and dam families ( Table 1 ). The control line had an average of 19 d livability out of 21 d, higher than the low line, which in turn was higher than the high line ( Table 2 ). The mean livability of sire families from the control line varied from 16.3 to 20.8 d, with a CV = 6.4%, smaller than the counterpart of dam families (12.7%) ( Table 3) . Sire families from the low line had mean livability from 13.2 to 19.3 d, with a CV = 10.3%, which was smaller than the dam's (17.3%). The mean livability of sire families within the high line changed from 12.1 to 18.3 d, with a 12.1% CV, smaller than that of dam families (19.7%). The expected mean square of livability was greater among lines than among dam families, which was slightly greater than among the sire's (Table 4) .
Different livability between lines may reflect the significance of random matings in populations rather than the level of TD incidence. The control line birds ran- 
Mortality
Mortality was different among lines and sire and dam families ( Table 1 ). The control line birds had an average of 21.5% mortality within 21 d, lower than either the low or high line birds (Table 2) . Mortality did not differ between the high and low lines ( Table 2 ). The average mortality of sire families from the control line varied from 3 to 44% with a 51% CV, much smaller than the counterpart of dam families (100%) ( Table 3) . Sire families from the low and high line had a lower mortality CV than the dam families, whose mortality varied from 0 to 100%. Variation of lines accounted for larger part than dam families, which was attributable to variation larger than that of the sire families (Table 4) .
Nonrandom assortative matings within the high and low lines presumably led to reduced variability of mortality as indicated by CV, compared with the randombred control line. Twenty-five percent (12 out of 60) of the full-sib families had zero mortality and one of the 60 had 100% mortality in the control line, in contrast to 3% of the full-sib families with 0% mortality and 5% with complete mortality in both of the high and low lines. Phosphorus deficiency leads to heart failure syndrome, increased respiratory rates, high arterial CO 2 partial pressure, low O 2 partial pressure, and polycythemia in chicks (Julian et al., 1986; Julian, 1993) . Anatomical analysis showed that most of the dead birds had signs of pulmocardiovascular abnormalities and right ventricular hypertrophy and dilation. Some died from ascites due to increased hydrostatic pressure in the liver (Huchzermeyer and De Ruyck, 1986 ) and many died from chronic hypoxia, resulting from inability to breathe normally because of poor rib strength (Julian et al., 1986; Scheele et al., 1991; Shlosberg et al., 1996) .
Body Weight
Mean 14-d BW differed among lines and families (Table  1) . Birds of the control line had a heavier BW than those of the low or high line ( Table 2 ). The mean BW of sire families from the control line varied from 117 to 166 g, with a CV = 9.4%, smaller than the counterpart of dam families (15.3%) ( Table 3) . Sire families from the low line had mean BW from 116 to 147 g, with a CV = 6.9%, smaller than the dam's CV (13.1%). The mean BW of sire families within the high line changed from 101 to 157 g, with a 10.7% CV, smaller than that of dam families (14.6%). Mean BW had smaller variation among lines than among sire families, the expected mean square of which was smaller than among the dam's (Table 4) .
Mean 21-d BW was different among sire and dam families but did not differ among lines (P = 0.34) ( Table 1 ). The mean BW of sire families from the three lines varied from 176 to 320 g, with a CV = 12.3%. Pooled dam families from three lines had mean BW from 136 to 390 g, with a CV = 21.0%. Similarly, variation due to lines accounted for smaller part than that due to sire families, which was smaller than the dam's CV (Table 4) .
Body weight did not differ between the high and low lines at 14 and 21 d old. This result suggests little correlation between BW and TD at stress. The P deficiency was accompanied by hypophosphatemia and decreases in bone ash and tibial weight (Parmer et al., 1987) , depressing the growth rate of birds irrespective of the high or low line. In contrast to the majority of recent reports (Kiniskinen et al., 1994; Ravindran et al., 1995; Richter, 1994) , a diet with a low level of Ca and no added inorganic P or phytase was used in this study. Such an experimental condition provided chicks with an opportunity of being able to maximize utilization of phytate P by increasing synthesis or activity of intestinal phytase (McCuaig et al., 1972) . Variation in live performance could be maximized in the population, as indicated by mortality in this study and by growth rate, feed consumption, and skeletal strength (Punna and Roland, 1996a,b) . Rickets due to P deficiency (Long et al., 1984) prevented chicks from obtaining sufficient amounts of feed, causing a further decrease in growth rate and increase in mortality. Vitamin D could enhance the activity of intestinal phytase when inorganic P was inadequate (Davies et al., 1970) . This hypothesis is supported indirectly by an additive effect of phytase and 1,25-dihydroxycholecalciferol on phytate P utilization as measured by body weight and bone ash of broiler chickens (Mitchell and Edwards (1996a,b) . Selection on live performance of family merits should be feasible under conditions provided here. Further investigation of the parallelism of traits between severe and normal conditions and the relationship between growth performance of families and activity of their intestinal phytase under such conditions is warranted.
Birds of the control line by random matings utilized phytate P better than those from the high or line lines by assortative matings in terms of livability, mortality, and growth performance. The high and low lines did not differ in mortality and BW at early stages under the condition of Ca and P deficiency. Variation of livability and mortality was greater among lines than among families, whereas family accounted for a larger part of variation than lines in BW. Dams accounted for a slightly larger part of variation than sires in the traits studied. Genetic selection for improved utilization of dietary phytate P might be feasible in livability and growth performance on full-sib family merits.
